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APPARATUS AND METHOD OF
RECOGNIZING USER POSTURES

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority under 35 U.S.C. § 119 to
Korean Patent Application No. 10-2016-0044171, filed on
Apr. 11, 2016, the disclosure of which 1s incorporated herein
by reference 1n 1ts entirety.

TECHNICAL FIELD

The present invention relates to an apparatus and method
ol recognizing user postures.

BACKGROUND

Generally, skiing 1s sports which freely fall down a
snow-piled slope by using a ski plate, ski boots, a pole shatt,
and a binding where a ski plate and ski boots are combined
with each other.

In order to go skiing on a snow-piled slope, basic actions
of skiing should be learned, and for example, various skiing
postures such as a turn posture of turning a direction or a
stop posture of stopping running skis should be learned.

In order to learn such skiing postures, much time 1s
needed, and particularly, in an environment where four
seasons are distinct like Korea, since the skiing postures can
be learned 1n only winter, more time 1s expended 1n learming,
the skiing postures.

Therefore, research 1s being actively made on sking
simulators for learming the skiing postures without time and
a space being limited. However, 1n a case of recognizing user
postures by using a skiing simulator developed to date, a
skiing posture of a user 1s schematically recognized based on
only left and right tilt information about a ski plate measured
by a tilt sensor, and for this reason, 1t 1s unable to recognize
detailed skiing postures of a whole user body.

SUMMARY

Accordingly, the present invention provides a user posture
recognizing apparatus and method for recognizing detailed
postures of a whole user body.

In one general aspect, a method of recognizing user
postures includes: receiving body information including a
two-dimensional (2D) coordinate value “H” representing a
head position of a user, a three-dimensional (3D) coordinate
value “M” representing a body middle position of the user,
a 2D coordinate value “C” representing a center position
between a left ankle position and a right ankle position of the
user, a distance value “HM” from the head position of the
user to the body middle position of the user, a distance value
“HC” from the head position of the user to the center
position between the leit ankle position and the right ankle
position of the user, and a distance value “MC” from the
body middle position of the user to the center position “C”
between the left ankle position “L” and the right ankle
position “R” of the user; and recognizing a posture of the
user, based on a variation between body information mput at
a previous time and body information mput at a current time.

In another general aspect, an apparatus for recognizing
user postures includes: an 1mage processor configured to
extract body information from an image input through a
three-dimensional (3D) camera, the body information
including a two-dimensional (2D) coordinate value “H”
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representing a head position of a user, a 3D coordinate value
“M” representing a body middle position of the user, a 2D
coordinate value “C” representing a center position between
a left ankle position and a right ankle position of the user, a
distance value “HM” from the head position of the user to
the body middle position of the user, a distance value “HC”
from the head position of the user to the center position
between the left ankle position and the right ankle position
of the user, and a distance value “MC” from the body middle
position of the user to the center position “C” between the
lett ankle position “L”” and the right ankle position “R” of the
user; and a posture recognizer configured to sequentially
receive body information at a previous time and body
information at a current time from the 1image processor and
recognize a posture of the user, based on a variation between
the body information input at the previous time and the body
information input at the current time.

Other features and aspects will be apparent from the
following detailed description, the drawings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram 1llustrating main elements of a
user posture recognizing apparatus according to an embodi-
ment of the present invention.

FIG. 2 1s a diagram for describing user body information
generated by an 1mage processor 1llustrated i FIG. 1.

FIG. 3 1s a flowchart illustrating a stand posture recog-
nizing operation performed by a posture recognizer illus-
trated 1n FIG. 1.

FIG. 4 1s a flowchart illustrating a bending forward
posture recognizing operation performed by the posture
recognizer illustrated in FIG. 1.

FIG. 5 1s a flowchart illustrating a bending knees posture

recognizing operation performed by the posture recognizer
illustrated 1n FIG. 1.

FIGS. 6A, 6B and 6C are a diagram schematically 1llus-
trating a stand posture, a bending forward posture, and a

bending knees posture recognized by the posture recognizer
illustrated 1n FIG. 1.

FIG. 7 1s a flowchart illustrating a tilt right posture

recognizing operation performed by the posture recognizer
illustrated 1n FIG. 1.

FIG. 8 1s a flowchart 1llustrating a tilt left posture recog-
nizing operation performed by the posture recognizer illus-
trated in FIG. 1.

FIGS. 9A and 9B are a diagram schematically illustrating
a tilt night posture and a tilt left posture recognized by the
posture recognizer illustrated in FIG. 1.

DETAILED DESCRIPTION OF EMBODIMENTS

Heremaftter, example embodiments of the present mnven-
tion will be described in detail with reference to the accom-
panying drawings. Embodiments of the present invention
are provided so that this disclosure will be thorough and
complete, and will fully convey the concept of the present
invention to one of ordinary skill 1n the art. Since the present
invention may have diverse modified embodiments, pre-
ferred embodiments are 1llustrated 1n the drawings and are
described 1n the detailed description of the present mven-
tion. However, this does not limit the present mvention
within specific embodiments and 1t should be understood
that the present invention covers all the modifications,
equivalents, and replacements within the 1dea and technical
scope of the present invention. Like reference numerals refer
to like elements throughout.
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It will be further understood that the terms “comprises”™
and/or “comprising,” when used 1n this specification, specily
the presence of stated features, integers, steps, operations,
clements, and/or components, but do not preclude the pres-
ence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups
thereof. In wvarious embodiments of the disclosure, the
meaning of ‘comprise’, ‘include’, or ‘have’ specifies a
property, a region, a fixed number, a step, a process, an
clement and/or a component but does not exclude other
properties, regions, fixed numbers, steps, processes, cle-
ments and/or components.

FIG. 1 1s a block diagram illustrating main elements of a
user posture recognizing apparatus 100 according to an
embodiment of the present invention. FIG. 2 1s a diagram for
describing user body information generated by an image
processor illustrated 1n FIG. 1.

Referring to FIG. 1, the user posture recognizing appa-
ratus 100 according to an embodiment of the present inven-
tion may recognize a skiing posture without being limited.

The user posture recognizing apparatus 100 according to
an embodiment of the present invention may include an
image generator 110, an 1image processor 120, and a posture
recognizer 130.

The 1mage generator 110 may be an element for photo-
graphing a user to generate a user image, and for example,
may be a three-dimensional (3D) camera. The 3D camera
may be configured by a combination of a depth camera,
generating a depth 1mage having a depth value, and an RGB
camera for generating an RGB 1image having an RGB value.
Here, the depth camera may be an infrared camera.

The 1image processor 120 may perform an 1image process-
ing operation such as a rendering operation to extract body
information about a user necessary for recognizing a skiing
posture of the user by using the user image (i.e., the RGB
image and the depth image) generated by the image gen-
crator 110. The user body information extracted by the
image processor 120 1s as illustrated 1n FIG. 2.

As 1llustrated 1n FIG. 2, the user body information may
include a two-dimensional (2D) coordinate value “H(X, v) or
H” representing a head position of the user, a 3D coordinate
value “M(x, v, z) or M” representing a body middle position
of the user, a 2D coordinate value “L(x, y) or L representing
a lett ankle position of the user, a 2D coordinate value “R(x,
y) or R” representing a right ankle position of the user, and
a 2D coordinate value “C(x, y) or C” representing a center
position between the left ankle position and the right ankle
position of the user, mn a 3D coordinate system.

In addition, the user body information may further include
a distance value “HM” from a head position “H” of the user
to a body middle position “M” of the user, a distance value
“HC” from the head position “H” of the user to a center
position “C” between a left ankle position “L” and a right
ankle position “R” of the user, a distance value “MC” from
the body middle position “M™ of the user to the center
position “C” between the left ankle position “L” and the
right ankle position “R” of the user, and a distance value
“LR” from the left ankle position “L” of the user to the nght
ankle position “R” of the user, 1n the 3D coordinate system.

The posture recognizer 130 may recognize a posture (for
example, a skiung posture) of the user, based on the user
body information extracted by the image processor 120.
Here, the skiing posture of the user recognized by the
posture recognizer 120 according to an embodiment of the
present invention may include a stand posture, a bending
torward posture, a bending knees posture, a tilt right posture,
and a tilt left posture.
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Hereinatter, a skiing posture recognizing operation per-
formed by the posture recognizer 130 will be described 1n
detail with reference to FIGS. 3 to 9.

FIG. 3 1s a flowchart illustrating a stand posture recog-
nizing operation performed by the posture recognizer 1llus-
trated 1n FIG. 1. In the drawing and the following descrip-
tion, a subscript “n-1" represents a previous time, and a
subscript “n” represents a current time immediately after the
previous time.

Referring to FIG. 3, the stand posture may be recognized
based on a variation between body information at a previous
time and body information at a current time.

In detail, first, 1n step S310, the body information at the
previous time and the body information at the current time
may be sequentially mput in units of one 1image frame.

Subsequently, 1n step S320, whether an absolute value of
a difference value between HC, _, at the previous time and
HC, at the current time 1s equal to or less than a first
reference value “REF1” may be determined. Here, the first
reference value “REF1” may be a constant value represent-
ing an allowable error of HC which 1s predetermined. When
the absolute value does not satisty a condition of step S320,
it may be determined that a user posture 1s not the stand
posture, and the stand posture recognizing operation may
end.

Subsequently, 1n step S330, when the condition of step
S320 1s satistied, whether an absolute value “IM, _,-M_ |” of
a difference value between a z coordinate value “M, _,(z)” of
M, _, at the previous time and a z coordinate value “M (z)”
of M at the current time 1s equal to or less than a second
reference value “REF2” may be determined. Here, the
second reference value “REF2” may be a constant value
which 1s predetermined within a total depth range (or a gray
scale range) expressible 1n a Z-axis direction (a direction of
a camera or a vertical direction of an 1mage). When the
absolute value “IM__,—-M_ |” does not satisiy a condition of
step S330, 1t may be determined that the user posture 1s not
the stand posture, and the stand posture recognizing opera-
tion may end.

Subsequently, 1n step S340, when the condition of step
S330 15 satistied, whether an absolute value “IHM, _,-HM |”
of a difference value between HM, _, at the previous time and
HM_  at the current time 1s equal to or less than a third
reference value “REF3” may be determined. Here, the third
reference value “REF3” may be a constant value represent-
ing an allowable error of HM which 1s predetermined. When
a condition of step S340 1s not satisfied, 1t may be deter-
mined that the user posture 1s not the stand posture, and the
stand posture recognizing operation may end.

Subsequently, 1 step S350, when the condition of step
5340 1s satisfied, whether an absolute value “IMC__,-MC |~
of a difference value between MC, _, at the previous time and
MC, at the current time 1s equal to or less than a fourth
reference value “REF4” may be determined. Here, the fourth
reference value “REF4” may be a constant value represent-
ing an allowable error of MC which 1s predetermined. When
a condition of step S350 1s not satisfied, 1t may be deter-
mined that the user posture 1s not the stand posture, and the
stand posture recognizing operation may end.

Subsequently, 1 step S360, when the condition of step
S350 1s satisfied, the user posture may be finally recognized
as the stand posture 1llustrated in FIG. 6A, and a series of
procedures of recognizing the stand posture may end.

FIG. 4 1s a flowchart illustrating a bending forward
posture recognizing operation performed by the posture
recognizer illustrated in FIG. 1.
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Referring to FIG. 4, 1n step S410, body information at a
previous time and body information at a current time may be
sequentially input in units of one 1image frame.

Subsequently, in step S420, whether a value “HC, +
REF1” obtained by summating HC  at the current time and
the first reference value “REF1” 1s less than HC _, at the
previous time may be determined. When a condition of step
S420 1s not satisfied, 1t may be determined that a user posture
1s not a bending forward posture, and the bending forward
posture recognizing operation may end.

Subsequently, i step S430, when the condition of step
5420 1s satisfied, whether a value “M(z), _, +REF2” obtained
by summating a z coordinate value “M(z), ,” of M __, at the
previous time and the second reference value “REF2” 1s less
than a z coordinate value “M(z),” of M at the current time
may be determined. When a condition of step S430 1s not
satisiied, 1t may be determined that the user posture 1s not the
bending forward posture, and the bending forward posture
recognizing operation may end.

Subsequently, 1 step S440, when the condition of step
S430 1s satistied, whether a value “M(z), ,+REF2” obtained
by summating HM_ at the current time and the third refer-
ence value “REF3” 1s less than HM, _, at the previous time
may be determined. When a condition of step S440 1s not
satisfied, 1t may be determined that the user posture 1s not the
bending forward posture, and the bending forward posture
recognizing operation may end.

Subsequently, 1n step S450, when the condition of step
5440 1s satisfied, whether an absolute value “IMC, _,-MC |”
of a difference value between MC _, at the previous time and
MC,  at the current time 1s equal to or less than the fourth
reference value “REF4” may be determined. When a con-
dition of step S4350 1s not satisfied, 1t may be determined that
the user posture 1s not the bending forward posture, and the
bending forward posture recognizing operation may end.

Subsequently, 1 step S460, when the condition of step
S450 15 satisfied, the user posture may be finally recognized
as the bending forward posture 1llustrated in FIG. 6B, and a
series of procedures of recognizing the bending forward
posture may end.

FIG. 5 1s a flowchart 1llustrating a bending knees posture
recognizing operation performed by the posture recognizer
illustrated in FIG. 1.

Referring to FIG. 3, 1n step S510, body information at a
previous time and body information at a current time may be
sequentially input in units of one 1image frame.

Subsequently, 1n step S520, whether a value “HC +
REF1” obtained by summating HC  at the current time and
the first reference value “REF1” 1s less than HC, , at the
previous time may be determined. When a condition of step
5520 1s not satisfied, 1t may be determined that a user posture
1s not a bending knees posture, and the bending knees
posture recognizing operation may end.

Subsequently, 1n step S530, when the condition of step
S520 1s satisfied, whether a value obtained by summating a
7z coordinate value “M(z), of M, at the current time and the
second reference value “REF2” 1s less than a z coordinate
value “M(z) _,” of M __, at the previous time may be deter-
mined. When a condition of step S530 1s not satisfied, 1t may
be determined that the user posture 1s not the bending knees
posture, and the bending knees posture recognizing opera-

tion may end.

Subsequently, 1 step S340, when the condition of step
S530 1s satisfied, whether an absolute value “|HM, ,-HM_|”
of a difference value between HM_ _, at the previous time and
HM_  at the current time 1s equal to or less than the third
reference value “REF3” may be determined. When a con-

10

15

20

25

30

35

40

45

50

55

60

65

6

dition of step S540 1s not satisfied, 1t may be determined that
the user posture 1s not the bending knees posture, and the
bending knees posture recognizing operation may end.

Subsequently, 1n step S550, when the condition of step
S540 1s satisfied, whether a value “MC, +REF4” obtained by
summating MC, at the current time and the fourth reference
value “REF4” 1s less than MC, _, at the previous time may
be determined. When a condition of step S530 1s not
satisfied, 1t may be determined that the user posture 1s not the
bending knees posture, and the bending knees posture rec-
ognizing operation may end.

Subsequently, 1 step S560, when the condition of step
S550 1s satisfied, the user posture may be finally recognized
as the bending knees posture illustrated 1n FIG. 6C and a
series ol procedures of recognizing the bending knees pos-
ture may end.

FIG. 7 1s a flowchart illustrating a tilt right posture
recognizing operation performed by the posture recognizer
illustrated 1n FIG. 1.

Referring to FIG. 7, in step S710, body information at a
current time may be mput.

Subsequently, 1n step S720, whether a difference value
“H(x),—C(x),” between an X coordinate value “H(x),” of a
coordinate value “H ” of H at the current time and an x
coordinate value “C(x),” of a coordinate value “C_~ of C at
the current time 1s a positive number and 1s more than a fifth
reference value “REFS” may be determined. Here, the fifth
reference value “REF5” may be a constant value represent-
ing a predetermined allowable error. When a condition of
step S720 1s not satisfied, 1t may be determined that a user
posture 1s not the tilt right posture, and the tilt right posture
recognizing operation may end.

Subsequently, 1 step S730, when the condition of step
S720 1s satisfied, whether a difference value “M(x), —C(x),”
between an x coordinate value “M(x),” of a coordinate value
of M, at the current time and the x coordinate value “C(x),”
of the coordinate value “C,” of C at the current time 1s a
positive number and 1s more than a sixth reference value
“REF6” may be determined. Here, the sixth reference value
“REF6” may be a constant value representing a predeter-
mined allowable error. When a condition of step S730 1s not
satisfied, 1t may be determined that a user posture 1s not the
tilt right posture, and the tilt nght posture recognizing
operation may end.

Subsequently, 1 step S740, when the condition of step
S730 1s satisfied, the user posture may be finally recognized
as the tilt nght posture 1llustrated 1n FIG. 9A, and a series of
procedures of recognizing the tilt right posture may end.

FIG. 8 1s a flowchart 1llustrating a tilt left posture recog-
nizing operation performed by the posture recognizer illus-
trated in FIG. 1.

Referring to FIG. 8, in step S810, body information at a
current time may be mput.

Subsequently, in step S820, whether a difference value
“C(x),-H(x),” between an x coordinate value “C(x),” of a
coordinate value “C >~ of C at the current time and an X
coordinate value “H(x),” of a coordinate value “H_~ of H at
the current time and 1s a positive number and 1s more than
the fifth reference value “REF5” may be determined. When
a condition of step S820 i1s not satisfied, 1t may be deter-
mined that a user posture 1s not the tilt left posture, and the
t1lt left posture recognizing operation may end.

Subsequently, 1 step S830, when the condition of step
S820 1s satisfied, whether a difference value “C(x), -M(x),”
between the x coordinate value “C(x) ~ of the coordinate
value “C ” of C at the current time and an x coordinate value
“M(x),” of a coordinate value of M at the current time 1s a
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positive number and 1s more than the sixth reference value
“REF6” may be determined. When a condition of step S830
1s not satisfied, 1t may be determined that a user posture 1s
not the tilt left posture, and the tilt left posture recognizing
operation may end.

Subsequently, i step S840, when the condition of step
S830 15 satisfied, the user posture may be finally recognized
as the tilt left posture 1llustrated 1n FIG. 9B, and a series of
procedures of recognizing the tilt left posture may end.

As describe above, according to the embodiments of the
present invention, 1n order to recognize detailed postures of
a user, detailed skiing postures such as a stand posture, a
bending forward posture, a bending knees posture, a tilt right
posture, and a tilt left posture are recognized based on a
variation between body mformation at a previous time and
body information at a current time.

A number of exemplary embodiments have been
described above. Nevertheless, 1t will be understood that
various modifications may be made. For example, suitable
results may be achieved 1t the described techniques are
performed in a different order and/or 1f components in a
described system, architecture, device, or circuit are com-
bined 1n a different manner and/or replaced or supplemented
by other components or their equivalents. Accordingly, other

implementations are within the scope of the following
claims.

What 1s claimed 1s:

1. A method of recogmzing user postures, the method
performed by an apparatus having an 1mage processor and a
three-dimensional (3D) camera, the method comprising:

extracting, from an i1mage frame nput through the 3D
camera, body information including a two-dimensional
(2D) coordinate value “H” representing a head position
of a user, a three-dimensional (3D) coordinate value
“M” representing a body middle position of the user, a
2D coordinate value “C” representing a center position
between a left ankle position and a right ankle position
of the user, a distance value “HM” from the head
position of the user to the body middle position of the
user, a distance value “HC” from the head position of
the user to the center position between the left ankle
position and the right ankle position of the user, and a
distance value “MC” from the body middle position of
the user to the center position “C” between the left
ankle position “L”” and the right ankle position “R” of
the user; and

recognizing a posture of the user, based on the body
information sequentially extracted in units of 1mage
frames from the 3D camera.

2. The method of claim 1, wherein the recognizing of the

posture comprises:

(A) determining whether a value obtained by summating
a first HC input at a n” time and a first reference value
is less than a second HC input at a n—1? time;

(B) determining whether a value obtained by summating
a z coordinate value of a first M input at the n—-1? time
and a second reference value 1s less than a z coordinate
value of a second M input at the n” time;

(C) determining whether a value obtained by summating
a first HM input at the n” time and a third reference
value is less than a second HM input at the n-1? time;

(D) determining whether an absolute value of a diflerence
value between a first MC input at the n-1” time and a
second MC input at the n” time is equal to or less than
a fourth reference value; and
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8
(E) when steps (A), (B), (C), and (D) are all satisfied,
recognizing the posture of user as a bending forward
posture.

3. The method of claim 1, wherein the recognizing of the

posture comprises:

(A) determining whether a value obtained by summating
a first HC input at a n”” time and a first reference value
is less than a second HC input at a n—-1? time;

(B) determining whether a value obtained by summating
a z coordinate value of a first M input at the n”” time and
a second reference value 1s less than a z coordinate
value of M input at the n-17 time;

(C) determining whether an absolute value of a difference
value between a first HM input at the n—1” time and
HM input at the n” time is equal to or less than a third
reference value;

(D) determining whether a value obtained by summating

a first MC input at the n™ time and a fourth reference

value is less than a second MC input at the n—1? time;

and

(E) when steps (A), (B), (C), and (D) are all satisfied,
recognizing the posture of user as a bending knees
posture.

4. The method of claim 1, wherein the recogmzing of the

posture comprises:

(A) determining whether a difference between an X coor-
dinate value of an H input at a n” and an x coordinate
value of a C input at the n” time is a positive number
and 1s more than a fifth reference value;

(B) determining whether a difference between an X coor-
dinate value of an M input at the n” time and the x
coordinate value of the C input at the n” time is a
positive number and 1s more than a sixth reference
value; and

(C) when steps (A) and (B) are all satisfied, recognizing
the posture of user as a tilt right posture.

5. The method of claim 1, wherein the recogmzing of the

posture comprises:

(A) determining whether a difference between an X coor-
dinate value of a C input at a n” time and an X
coordinate value of H input at the n” time is a positive
number and 1s more than a fifth reference value;

(B) determining whether a difference between the x
coordinate value of the C input at the n” time and an x
coordinate value of an M input at the n” time is a
positive number and 1s more than a sixth reference
value; and

(C) when steps (A) and (B) are all satisfied, recognizing
the posture of user as a tilt left posture.

6. An apparatus for recognizing user postures, the appa-

ratus comprising:

a three-dimensional (3D) camera configured to take an
image of a user; and

an 1mage processor configured to extract body informa-
tion from the 1mage, the body information including a
two-dimensional (2D) coordinate value “H” represent-
ing a head position of a user, a 3D coordinate value
“M” representing a body middle position of the user, a
2D coordinate value “C” representing a center position
between a left ankle position and a right ankle position
of the user, a distance value “HM” {rom the head
position of the user to the body middle position of the
user, a distance value “HC” from the head position of
the user to the center position between the left ankle
position and the right ankle position of the user, and a
distance value “MC” from the body middle position of




US 10,297,041 B2

9

the user to the center position “C” between the left
ankle position “L”” and the right ankle position “R” of
the user; and

a posture recognizer configured to sequentially receive
body information 1n units of image frames from the 5

image processor and recognize a posture of the user,
based on the body information.

7. The apparatus of claim 6, wherein

the posture recognizer recognizes one of a bending for-
ward posture, and a bending knees posture, based on a 10
variation of the HC, a vanation of the M, a variation of
the HM, and a variation of the MC, and

the posture recognizer recognizes one of a tilt right
posture and a tilt left posture, based on a difference
value between an x coordinate value of the H and an x 15
coordinate value of the C and a difference value
between an x coordinate value of the M and the x
coordinate value of the C.

G e x Gx ex
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